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AB - PURPOSE - To obtain a small sized optical semiconductor device in 

response to a high speed optical signal by employing the semiconductor 
device whose output signal differs when only one of an electric signal 
or an optical signal is received and when both of the electric signal 
and the optical signal are received. 

- CONSTITUTION: When a 1st input signal IN(sub l) being a square wave 

optical signal h.upsilon.J is made incident onto a base B of an open 
base ME-HBT (multiemitter hetero junction bipolar transistor) and a 
2nd input signal IN(sub 2) being a square wave electric signal is 
given to a 2nd emitter E(sub 2), the signal h.nu. is extracted as a 
voltage drop across a resistor R at an output OUT only when the input 
signal IN(sub 2) being a square wave electric signal is positive. The 
switching characteristic as above is obtained by ANDing the signal 
IN(sub 2) fed to the 2nd emitter E(sub 2) of the ME-HBT and the signal 
IN(sub l) made incident on the base B. Furthermore, according to the 
result of measurement, even when the signal h.nu. is not made 
incident, some current flows by applying a clock pulse to the emitter 
E(sub 2). 

- COPYRIGHT: (C)l996,JPO 



<i9) B^sftfw (jp) 02) & |] ^ ^ ^ $ (a) (nmwmm^m^ 

ftH3p8- 181667 

(43)&BBB ^8^(1996) 7 8 12 B 

(BDinta 8 »9JI2# frftwmm fi g«fi^srm 

H 0 4 B 10/28 
10/26 
10/14 

H 0 4 B 9/ 00 Y 

D 

*SSf* *St# t&*Jfi<7>»14 OL (£17 JO gj»J0OK< 



(21)fflH#ff 


1§H 3 F6 -324905 


(71)ffi§iA 


000005223 










(22)fflBiB 


¥f£6 *p(1994) 12E27 B 




#£jll»/ll«TlJ*lIK-b*ffl<MT@ IS 








1^ 






(72)S£91# 










»^JIIlt/ll«frUtJ»JMK±/>Ba^l015#*6 














(72)&9i# 


©Hi it«r 








^jiimnKWfmKi/hfflfiois*^ 














(74)ftSA 





(54) \$mv>%,m mn&m-j3&*£rs*:<j)it#><z>m>mmim 



(57) [g^] 

mSUf^£fc«ft{f^©-#£A*Lfc<h#<i:, * 
§U§*§ 1 7t{f ^ ©2X# £ A ti L <h # <h r- tn * m mfl A 

{C^WffifctR$-abT*jlSmffiVc c £EP2)DU lO© 

St{i^£A2jU ^-X B ifcH3 1/^7 ^ C C3tf ^ h 

XS y^E, (C*»{f^iLTA^$tli>/VUX{C|sI^ 

ITS. C©*£\ 7t«^-<i:«»<i^^j2!{C-r2.ri:fcT 




- 1 - 



ftffiW- 8-1 81 667 



uMs^vftjjrfAtiz nr^mcD m urn n t. . mm.m 

lS7^<£SiL, Sift £ ft& HX 5 -y ? fc«»ll*§£ 
A#U ^-XSfcanU^^C^ff^iL-TA^J^n 

s^w^mff^^ gi^ns^is v5>\zm.%m 

<S»£iiT-5a\ *git!2£n&^x = 7^l:fM^tLT 

$tlfcS#rom^{S^^[H]g*-t:\ fro. 
^*#f-Aft£ttfcl$©m*rtf^£. )tfl^AiA*Sn 

3Ui^cftffi^£aLT«iB*£E£flttniU Its© 
X 5 >y * £&itfe L . tlU ^X 3 y ^ i 

LTHiS^cn f 0 Hz (fcft'Ln : Sic) 'J 

T*»/h*l>/^fiSto»f))gL»!ttft <f,-A 
f) Hz (fcfcLAfCf 0 ) ©A^Xjf^A^L 
T. 3^^^©W*«^*«««cn A f HzW/^J 

±©15 A*-f 5 H7>^X^£flH>, 

3U^^»Cftflrffifit*aLT«««EE*B«lPb, IOC 
X5y*£8MftU ^-X^fcterrU-^K^ff^cht, 
Tm&L&n f 0 Hz (fcfc'Ln : Sft) ©«••*■ >:/U > 

*#/JnS^vW*«S&o|*0MI,H«» (f,-A 
f) Hz (fcflA f < f o ) C/tMi§SA*L 
T. □l/^5'0tii*{f^StnAfHzT^>yU 



10 ±(»IS7^SIA5A''f*-7H7>y7i'T| 1 o 
T, 1 OCXS y^&it&U &ifc£*l&HX3 y^K 

ffi£BttmU ^-X*fc«3U57^{C3fefI^tLTA* 
15 Sii«^<fcL-TA^SnS/'?;PAIC|^SBTSm^S:nU'^ 

LTA*Sn5^«^iM*^. ^-XlfcfcttnU 
9 9 \zxmn t LTAX7 $ ft* * n >y & /VVX \zmM-? 

zmnztom? -a «t 5 c ufc c t * wa t -r 

20 8i. 

[ffg*J?!8] t-^>^-Xt, 20JK 

±©IS 7 ^ §fi5/\*-f #- 5 h 7 >y $ 2 Offl 
t,i, 2^©/^#-7h7>yX^©§10©l57i' 

25 >> ! X^©ffi©X3>y^('^{f^^A*-rsJ:5(r 
U fi&©A-f #-7 K'7>v ! Xi5'©«®fC^$tlT^ 
5157^5. -^©A-f J}?— 7 h7>iS7.?<DnUlzm 

30 U 2^©A*-f#- 7 h^>> ? A^©^— XSfctenly 

35 ±©xs y^^m^n-i-^-y Y=>yV7,9*2-om 

l/i, 2-3©;H#-7h7>y7^ffl§l^©XS7i' 

>yX^©i©IS ■;/ ^{'^MUt #£A2jT&<fc 5 (£ 
U ffc©A-f 5^-5 h^>v ! X^©*®tC^$tlTVi 
40 fc^XSy^fcJKttttafcU 2^©/H#-7h7> 
^^©nU^^SffiJaSriiLT^ftfiL, 2-90/H* 
- 7 h 7 > X ^ © ^ - X $ « 3 V Z> 9 1 ' |WJ D 31£ fS # 
^Hfcf^tU 2'30;'!'f^-7h7>yX^©nU^i' 

45 »itS3t#i*Si. 

[f»*«10] t-y>-\-Xi, 20 

BIIOIS 7^$IA5M*-7 h7>yX^t, n 
' l/^^t. ^-y^-Xt, 10©X3-y^5r«^-'5 
A'-fjJ?— 7 h^>v J X^Sffll/i, 2^©/H#-7h7 

so >> ; Xi$'©# i o©is y $ &nffiffiL&mi>Tmm.izt& 



[fjfjfcJSl 1] nl^^i. ;t-:7°>^-X<i: t 20 

^tf&A'-f 7 h 5 > V s X ^ CD 3 U i7 ^ (cft-IE £ n-5 

BBKStl. ;in£»ifc»P«T3 2 0«±£x5>;/^£ 
#-7 h7>y*X^© 1 -^©15 7^^ftgtl, gift 

*f#A7j£n. #X5y*fc|fi]-©ft«-*a<A#£ft. 

mfi&tH #-7h7>yX^ 

t: *a-r * n u * * m 73 $ n z. t z t -r -s. 3t¥ 
jgffrfiB. 

<t^lX5 7 ^, 8215-^, 13l57^$i 

f-mco i/^Missi 3 ftm-KKfi^ , n iy ^ ? \zm 

LTA7J$ns/t^XtClH»iT-5«#*3U^^^e>a 
S52X5 >y^{CA^3^tl-5Sm«^e>, ^ 
-XSfcttnl^^^frA*$n-5A;UA^<753t«^{CH 

«$n-g>IE?L&lg3X5 yjf«DfiHW>5h>J|s*aA 

fig. 

[M14] Dl/^i, Xt. Jgl 

15 7^, !2XS7!S'SIA5/H^-7b7>yX 



t$P»W 8-181667 

fiBo 

05 [5S8©W*ffl&»lipi] 
[0 0 0 1] 

Xizfo&^zft^m-wmwis&zfi^tizm^tcmntiim 

5. Zl©«k5k:i«»7^»©aB£5igiTSfc*fctt. 

§t*i^53t77-i' Aa«©ei&gS£ 1 g b i t/ 

15 sA^4Gbi t/sd&AU ifi^W*. £ •=> fCTvg 
i©10Gbi t/s C&fcLTVX 

cooo2] tbt, z\<Djt7T-i a*^<e>ssj£A$s© 
%mn*g.m-tz>ittb\z\$, mm^tmmzm^r^^yt 

W •7JP7 0 -7°ly^-y-^<73[H]S§^^t'7SS. 

25 [0 0 0 3] 

30 [0004] zcDft&cogrmytm^mmwiz&^T 

«. iSft*4 1 *^f77-fA'4 2 SabT-eiH^tlT 
- H^OSft*^ 3 CJ:oT«afi^JC*ift*n. h 

[0 0 0 5] 

40 [«i#t)»ftI/J:5tt5«i] C©J:5ft*«^3WB 
fig«, MW**^J;fcOt&0, Sfc. PIN7 

* h?i is— vm^ytm'p^mt^mmsmzit^-r 

50 



- 3 - 



ftfflW- 8-181667 



[0 0 0 6] 

sfctt3t<t^(73M-^A^$tifcB?fCDtB^«^<t t mm. 

K^mfcmm&m^. ^tm^^vrxti^n^m^m^ 
mm^frt>mm,m^t vxxfj^n^nfi^zmm-^^ 

mm^frt>%.m^£LTAJ]zn2>^)\s7,\zmmT2>m 

[0 0 0 7] C£>m-&. nl/ZPt, *-z/>s<-x 

?*m<<\ z\u>?5'\z&.ffi&&i*m\sTnum&*mu 

U 1 -DOX.3. y?&mML, ^itfi^n^^XS v*?\Z 
SftUf^SA^U '<-X$.fciZzi\/>7$'\zfflWmiV 

* izm.rn.rn mi ltatj s nz>/*)ix izmmTzm^z 

\%zi ui??izmmt uTxti-£tiz>/vix\zmm-fz> 
[0008] Ttm^^A^sn-r^^ft^ 

t«»ft^*icA*^nfeB#©i±i^m^$, ytm^tf 

mm.m ^xa znrytm m^xti zntznnmtim^ 

mi£ z is^-r z> z. t wx- % z> » 
[0009] ^fgwc^-s-y-^u >y^ft{; 

tzizM.mmzmi.T'mmmfezmni'. n©is 
-y ^ £ mm l , stte $ nu ^ x 5 ^ c « «@ ^ <t u t 

^i&SScnf 0 Hz (fc;fc*Ln:g$:) ®^>yj >^ 

»/jN$lVVI/Xit@*fcO^|(331b^jgSc (f 0 -Af) 
Hz (TzfzLA f < f „ ) (ZVVL'X^ £A#LT\ 3 

u ? $> otiifjmn&ffl&gtn a f h z -e+»->^u >^-r 

[0 0 10] £fz. *¥£W\Zfrfr2>ft¥m&&miz£>^ 

mm.mm*x±i2titzm<Dmt)mm:> mmmm^xti 
znrmnmtxtiznfcmcDiiiJim^tfmn&T-, & 
■p, ^trnmimmmm^mzxti^ntzm^mtim^ 

Ttff^A^^n-r^aif^A^^tifep^roai^ 
ft^. ^cfc^sftft^^A^sn-r^m^^A^^nfc 

StOIHAi^J; D3t»A^< -T^>. 

[ooii] *7t. *5£mzfrfr2>m.<Dyt*mwmw.\z 



OOXS-y^SrigitiJU ftite2tl&<^X$ -y ^ 
05 iPU ^-X^fc«3Ui7^tc^f#i:LTA^$tl^ 

tLTXtiznznfr^zmM-Tzmn&ziuzt'frz 
mm-f2>fi\ mmznte.^x.-yfiznm.m^ti'Tx 
t>ztiz>mttm£mm^fr*>. ^-7,i£tz\tzii,t>$>\z 
io ytm^£Lxxti2nz>t>ayt7/*)i7.\zmM-?z>m^ 

[0012] sfe. *mw\zfrfrz>m<Dyt¥mfomm\z 

iJ^Tte, z\VW£, t-y>^-Xt, 2o^±(75 
IS 7^M^.5W#-7 h^>> ? Xi5'Sr2-3fflt,^ 
15 2-3©;H#-7h7>y'X^0§l-p©IS7^^i 

X^C0ffiCDXS-7^itf|^{f^i&A^-r-5J;3t'L. (til 
WA'-f its— ^ h7>y^^»iII:S«^nTV^X5 

20 -0>&t^X5 yZtmmi-, 2-D(D/t-(^-^ h?>>> 

zivv? £}&m.<Dmfr -s mum ^zm o m-r<k 3 \z l 

25 fc. 

[0013] &fz. *mmzfrfrzm<n%:¥mwmm\z 

XS7^*Ii5A''f#-7h7>yX^^20fflH. 
2'3CDAM*-7 h7>yX^©§ 1 >y^Srm 
30 MtM^rffibTllzlgtC^U, 19®;H#-7h7>y 
x^oicis •y^(cmmff^*A^-r-5J;3tcL, ffi 
®/W h ^ >^X^O*^(c«^$tiTV^j:^x 
5 •y?$:&i&ViMlZL. 2 o<73A*-f 1- 5- >v ! X^ 

$tl, 2 0WH 3l?-9 h^>^X^©n U^^tJgtrC 
[0 0 14] *%B(!}c*^^{til<757t*^#:^gC 

40 IS •y^<&fiHX.^)/A*'f ^ h7>yX^i. 

i. -7y<— Tst., lOCOXS-y^^ilX-SyN'-f # 
-7h7>y7^ ; £ffll\ 2^©/H*-7h7>yX 
^<D^ 1 0©IS •yiS'^mSitJll^aLTmzltC^L. 
2 -P^±©X 5 -y ^ SiTT -5>/N*-f 7 h 7 > ^ © 

45 i©IS •y^(C«^{f^-$rA?7-r-5<t5(3b. 2 0<75/\* 

2^©/N*-f 5^-7 h^yvxpcD^-zizmvytim 

^tmftttzn. 2dO/H ^-^ H7>yX5'©3 
50 [0 0 15] Sfc. #fPJlCrt^&7£¥^geS^*!U 



- 4 - 



W8- 181667 



•y ^ £ fit A. -SAW #- 7 h 7 > >>x ^*g$c{IBBi££ 

tl. #/\*-f 7 h 7>v>X^© 1 0©X = -y^jgUfi 

7j;*n. nUi7^fc«iS«ffi^iD^ti, 5 

h ^ > a? x * x * tz «a u ? * \z m —nytrnw 

[0 0 16] #|89iK;fra>*te©3te¥3M*S«fc 
i3TW3:. Z] ly^t*— :/>^— X£*3itcU £© 

n. cnsascisTa 2 oa±*is y ^ tt 4/1 
uxs 7^ctM^^AA$n, nu-^dsagmm 

t53 U9 5'\ZliiJj2nz>. 

[0 0 17] *58WC^*»S3ie*i»ft:8«lCfel» 
Ttt, nU^t, 4>&<£*>Sgl 

2X5 7^I:/1;|/X^01HI^AAL. I3I5 7 

JP*«fi& S «fc 5 ft -6 . n U ^ Kft MSSI 

L-CttB*EE*BMniU ^-X^fcttriL-'i'^KATJS 
tl453tfll**»6, S2XS7^lCfgls^tLTA^^ 

i2is7^i:A*$n5saif*^, ^-x£fc« 
3Ud7^i=A*s*i-5/t;i/xtt©3tt«^K:raai-ra«^ 
*i*m-r*«fc3fcu, ^-xco**^(c#»^n^iE 

[0 0 18] *58WK^^*ffi©3t*i»ff*«t 

I2X$7:?*ii5;W!H-7h7>i'X^7 
WttKBMSn, §/H#-7h7>yX^©llx 
Sy^W±. »2X5y^n±j»t«SK«»Sn. SB 1 
15 7^ £ *U MS 2 X S y * C 31^65 

[0 0 19] 

litm] #589J©56f!*&W:. «Sl«**£ttflHI©P5:2r 



05 l~. /1JI/Xtt©7fcfI#£flH»SC:£lr<fcoT«^{i-^T 

[0020] bib, ^wv&Amtn&m&wcDm 
wm.wmx$>z>. zamizis^T, ltt&jt*. 2«3t 

10 3 4tt*S3fc«#, 5 ttft 

[0 0 2 1] #3S9J©*Sitra^©S«gBK:iS<,>T 

a. a«*i38»53t7r-f/ , «2ftabTea*nT<* 
d y 5 &^>x&mt>=?-\*-)\>mzm 

20 [0 0 2 2] *K9i©£K%ffi*£flHniCJ:«&. 

<. <sa*^*a»;:*B3te«^A*si9f3©^+*;u©« 

[0 0 2 3] 3ttfll^*««fll^KJHft-r*S(H ! ' 
25 tl/Ttt, f**»6»5nwSPIN7*h^-ft- 
F-^APD (7A'7>yi*hy-ft-H) . PT (7 
*M>7>yA?) ^£C<fc -5 C 

n^o^i?l:ft. #c©«fc-5&HH*t**. 
[0 0 2 4] (1) PIN7*h^t-Fli2Sf$ 
30 ft*5fci6, *?g{tKJMHfHB&'bft:ttSC&ftt-C 
Lfc^oT, P I Nf^J;oT^bfctt»(i# 

**a©7 r 'j7>^T?«Mfra^t*«s8JST»s. 

(2) cne.©p^ss:ftpsfe-rsfcae>tr, apd*« 

i^^ntl^. L#>L, APDteP I NtJtKLTig 
35 U <5{g: 2 5VSAE) ft«MftE£&35£fS «!: £& 

(3) £<=>(C, ®S©^jg4 ; fr-r-£./\*'r*-7 h?>i> 
X^©^— X*»ifitt»fCl/fcPT C7# h b^>vX 

u t ©»* t- «t s a * & n «*ma ic u x v » * . 

[0 0 2 5] Sfc. PIN, APD, FT\$^*mz\t 
2«^^-eabSfeJ*, 3ttA*lC*JbTttAtB*W©«- 
i*%*nTV^#. HmMATJ (2«^p B 1©mJE) 

n<< *5£wcommzm^zz.t\zmmT'$>2>. 

[0 0 2 6] intC^LT. *3SW©5SS#6^IC* 

#-7h7>yX? COIIfTH, r^--^->^- 
50 XSJME-HBTj $>-5^«fffl*lcT-575:J6 TME-H 



- 5 - 



btj \t. mi L &mzmmmm&& 

4> fC A > H m h >*JU\Z& Q '}>%JL*r tU7 (NPNh7 

So 

[0 0 2 7] &*5, S^<B^ — *««£ti:5£!<£>HBT 

mfommw\zuz>ttib\z, ytmm\z^^-^<D 
iE?i<Dwm%)M&. ^--fy^-xmuBToim^izit 

^T/h£<, X—^y^—XMHBTlZ&^X&V&Itt} 

t-^-XlME-HBT^^o 

[0 0 2 8] H2H y>^— X^ME-HBT3t 
¥«*^BO*fiEitt^a-C*^o J1©H^45^T, 1 1 
ttl nPS1S, 1 2 ten* - I nGaAs^l/^3> 
ZZVM. 13«n-InGaAs3l/^i> 14tt 
p - I n G a A s ^-Xl, 1 5 , \tfS l^n-InP 
X5 y?m, 15 z ^2(On-InP©Xv^i t 
1 6! teJglcDn- I nGaAsX>7^3>^^h 
Bs 16,HS2<On-InGaAsX$y^3>^J 
KB, 17,BilOX^y?tS, 17 2 tt»2©x 

[0 0 2 9] t-y>^-XSME-HBT7t¥^ftg 
«l£*3^Ttt, I n 1 1 <D±\zm$ 3 0 0 nm<£> 

n + -InGaAs3l/^^3>^^M ( 5 X 1 0 18 
cm' 3 ) 12^Ml, ^-0±fC, J¥£ 3 0 0 nmCDn 
-InGaAs^l/^l (ixi0 l7 cm" 3 ) 13$ 
fifcfiU fO±}:f$8 0nm(Dp-I nGaAs^- 
XI (5xio J9 cnr 3 ) H^Mb, ^O-htcJP;* 
1 5 0 n m<£> n-InPS (1X10 19 cm* 3 A-f F 
— >0 <hj¥£ 2 0 0 nmcDn - I nG a A s S (5X1 

o i9 cm- 3 ) x.y*>{fvx»misx* mi 

<Dn - I nPXvy^ll 5, hW>2(Dn- I n PODX 
Sy^il5 2 , ^l(7)n-I nGaAsX^7^3> 
3*^7 hJf l 6, <h^2CDn- I nGaAsX$7^3> 

^ hjBi 6 2 

[0 0 3 0] f LT, gl(On-InGaAsX$7? 
XJ>^ Ml 6, LW,2<Dn- I nGaAsXv^ 
uyZZhMl 6 2 <0±^»1 M$ yi'iSl 7, £ 
I2(DX^7^1S1 7 2 ^ML, n + -InGaA 
sni/^^3>^^hlll 2<D±.\ZUU2?nM \ 8£ 

[0 0 3 1] 03, 04ti^--/>^-X^ME-HB 
T5tt#»*««O»fPIKWHT»0, (A) - (F) \t 



18 16 6 7 

l2X>y^S«, ett«^ httjETL, V E1 tt»lx 

^v?mm<vm$L. v E ^2x> 7 ^s^m v 

BS tt»lx5y^liS2x$«^10WO«ff, hv 

\zytm*%. i cii3H^^t«T»8. 

05 [0 0 3 2] (V EI> V H *7 3fcflHlt& 

D (13 (A) #RS) 

^WtKffi^LTfcD, SlX5y^«8<0MV EI t 

^<DX*Jl^A>F£^LT^£. Cc^lrete, ^— 
10 Xfl^BKl^MKJcS*^ e, lEJLh ftflfeCtt^Cl t 
\Z11U7LX, Sll5-;^««OtfiV E1 tS2l5-^. 

c J4SfEn&(ri. 

[0 0 3 3] S2« (0<V E <V E2 5tRgS*"i 
15 b) (0 3 (B) #BS) 

m i x^ y v EI £Si 2x5 y ^««<o*ffi 

V E2 £<ht>KIEK:U S2X5y^fi«OlttV B Ot 
ffi«JBlxSy^««©fMStV BI J:0K<L, 3t«^h 
v £MWL&^«^cox*;l^A> F^lt^^o £ 
20 OiftWiXte* ^-XWBMfe, IE?Lh*t£i;&V> 

[0 0 3 4] fg3<D«H (V EI , V E2 ^^7 ftRttft* 

o) (03 (o mm) 

|1X> 7^I«©«ftV E1 tS2Xa y 

l:J:oTi?e, JE?Lh^i;s^, iiXv^Si 
<£>Hft:V E1 £ffl2X5 y^(B«OittV u S*7LT^ 

30 [0 0 3 5]$4©«I(0<V E1 ^V E2 
0) (0 4 (D) #flg) 

IIX^ y^«OlfiV n t»2X5 7^S«©lfi 
V EI ££fefcjEK:U 82x5y*fi«©lfiV E! ©t 
1 X5 y ^«W©*ttV HI ± 0 V B «»J« U 
35 TtfS^h v ^Mbfei^OX^MA*> KSSLT^ 

CHi^e, IEfth**£fi£Sn, *ricStl&IE?Lhtt, ^ 

«lc#«;£;ru e lie^ffio^r > y v ;i/OijE l: 
40 Lft*bt3l/??iW:8il/, »ixsy^(B8E 

[0 0 3 6] ^50«I (0<V E1 ^V E2 ytWMM 

m) (04 (e> mm) 

45 S 1 15 y ^I«OtfiV EI (!:S 215 y?(B«©ltt 
V El -£ifcKiEK:U S2XSy^««©tfiV n (0* 
ti* » 1 X5 y ^««©«tt V E1< t 0 f L < K < 3t 

So 

50 [0 0 3 7] e:0«tt"Ctt, Jfcd^h v SrjBWfLTVi* 
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-Xfgi^ B (O^t- > v * ;U**T**o T < ^-co^* 

i c-3wa<awran*. 

[0 0 3 8]g6(Dttl(0<V E1 <V E2 ftflBlMfc 
Nfr) (04 (F) #Rg) 

V E ,£<hfeK:lEK:U *2X5y?(Wjt©tttV n S, 
««©«ffiV Bl fcifi<. S2I$7^fi«E ! oe»# 

[0039] ^ot^siTii, ytmmi v <Dmtt&ftxn> 

SSI C 

^-x^ME-HBT^itftt^fij^-r^i, mmm^s. 

[0 0 4 1] 

M E - H B T3t^»#*K<0»fPWttiaWHT» 0 . 
(A) ttgltKH, (B) ttAB»«»RSHT»5. 0 

5 (A) \z^znT^z>&v\z, ^m^-^y^- 

XSME-HBT^^TH n U C a*JgtrE R (4 
kQ) Sll/ttiVccKUKSft, 81X5^E 
jfctaSfiSn, »2x^7^E 1 l:ll*2A*flf (I 
N 2 ) T*S£ny^/W;*#ffl*Sn, ^-XClftfil 
1A#«*§- (IN,) tbt*fi^hv*«A»aft*«t 

[0 0 4 2] ^(Dt-^y^-XSME-HBTOAIH 

(b) ©aoe»*»c«snT^«j:'5 

lAMf (IN,) £LT^28bt{f^ (^-X<Z>A 



*Al*U *2I5^E 1 i:»2A*ffl^ (IN,) 

£\ ffl*OUTKJ4, W,2Xf}\^ (IN,) TfeSJB 
®««*«^3WjEO«BI«WJB 1 A^f{f * (IN,) T- 
05 SSWM^hv^ &^R(£1tffl^T£LT«tB 

[0 0 4 3] T&fr^ t-y>^-XlME-HBT 
OS2X5y^E ! i:A*n»2A*OT (IN,) 
fCtoT^-ABfCAlt^n^^l A^«-% (IN,) 
10 £X< iy^>^T^^i^T#, zmtttiei;:, ^-A 
BKAtJ-r&fgl A^Jff^ (IN,) t;rJ;oTff§2X^ 
7^E 2 l:A»Sn5i2A*OT (IN,) £X-fy 

[0 0 4 4] Z.<D£otiiX<1y3->tfftmZ, 
15 ^-ASME-HBT(Di2X$ y^E 2 KAftfS^ 
2AWf^ (IN,) t^-XBCA»t§SlAWf 
-if (IN,) OffilftgjX (AND) JZcfcoTft^nfct) 
COT^^o fifefc-e, t-y>^-ASME-HBT(7) 
SlX^y^E.SSaiU I2X^y^E 2 fCjE^m 
20 EE£SDx.££:, ^XBO#f>yt < & 5 it 
*, ^-XBH3e^Alttl)i> g2Xvy^E 2 ^b 
iW-XBtl:ttASn*t<45&6T»5. 
[0 0 4 5] fcufe, £<B»gtt»K:.fc*i, HAM 

n (in,) tis^M^h v^A»$n&^t 

25 S-Cfc, »2X$y^E l i:»2A*i# (IN,) "X? 

T^omst^Sftnr ^ § e: <t 3&«t>*> £ . foifi 

[0 0 4 6] 06ft, t-^-XiME-HBT^ 
30 ¥^«BcD3l/^^m^^A^A°^-fe#ttlft0J0 
(1) iKOH^ttttAW^^-Po £^ 

L, «IWft3L/^^fl:«t^^U, Af>bfcGD&g£l. 5 
5Mm£U ilX^y^tg2X^y^m0iEV 
EE ^0V, 0. IV, 0. 2V, 0. 3V, 0. 4V, 
35 0. 5 V, 0. 6V, 0. 7V, 0. 8Vl:UcS^ 

[0 0 4 7] COH*^, ^vrn<Z>*&t>, ffl^Oy* 
Kh7>yX^ (PT) Al^A 0 ?- 

40 — Jj. t-^-XSME-HBT 

CO#@£LT, »lX$y^E,t»2XSy^E l 0 
BB<0«£E (V EE ) AfHytrtV—1fiQ<D 

mz^zi vzzmm i ca*sr5±#so, 0jx.rarv EE =o 

V£V EE =0. 7 V£<B:nU^«SH cOSBS. 
45 ^B^JtSAWbfctSiiJtSAltLa^tStTtt* 

[0 0 4 8] 0»J;Lfcf, Al*^?-#O<0£*<&V EE = 
0ViV EE =0. 7VO*603U*^««Ic©»4 
»3OO/iAT^§0l:»l/T, A»*^7-^4 2 0 
50 tfW©i&ft9 0 0 /zACt)ILT^. lf:^bT, 
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u©»tt*ffl^fttf(!(lE03efi^i*affl§©AND» 

[0 0 4 9] d^T, PUtf^lX^y^E, £J?§2X 
5Ly?E t ©M^H«IPr*«BE (V EE ) *0. 7VC 
U A»ftA 0, 7-£4 2 0/zWl:tntf, #{S**i«» 
{f^^(h^lC^>bfcB#^ai^ff^S 1 2 0 0 /z A(h 

153 0 0 tfACt^JIt^t*. 
[0 0 5 0] B7H t-^-XSME-HBTS 

(2) T&£ 0 JKOHtt, H6K43»*Alt3te/*'7--i 

*®«l»fcWJWiK/ , t r 7--P 0 

y j' i* 2 X5 y ^ ©WOlEVn* 0 V, 0. IV, 
0. 2V, 0. 3V, 0. 4V, 0. 5VCL/:i^ 

[0 0 5 1] dCOEItCck^ci:, IIXv^E 1 iS2 

5 VSftch^-y>^-X^ME-HBTCDn 
«Eat-6±39*0«JE8«^i85e"r*i:. Att3tA or 7- P 0 
*2 2tfWiatfi<RSLt, fgA^Hm, <8A#fet 

[0 0 5 2] (!6 2£iJS0!l) 9c\Z«t9lLt£ni&mm<D 
t-y>^7lME-HBTtt^TH El 5 (B) 

[0 0 5 3] Ttet>*>, 06, m7\Z&^T, $1X^ 
y$E x t*2X5y^E ! 0Wl:9ftlt*«E 

(V EE ) SrDUi7^S8Kfi%±^»9«ffiEtT (0Ux.fcf 
0. 5VgJg) i:lT*5<i, V EE =0 ViV EE =0. 

(1. 3 m A) UT\ 0*IA.tf3fc{S-5f£4 2 

*^€T< (153 5 0 mA) fct^^^»B*rSo 
[0 0 5 4] fLT, «affl*:«fc^T3l/J^«««J 

IT, A^7t^ c ):oT^-7 P >^-XliME-HBT^ 
^->-r^B#C0AM7fe^/N°7-S, tSlfltl^oTt- 
:/> • ^— XIM E - H B T)Wt >t5»©ffi AiSEi 

[0 0 5 5] (fg3g*iJE#iJ) H8H ?g 3 HJS0iJtf):t ? 



-fey h£««L£*-:/>^-*S!ME-HBT#¥* 
#gJB<BittiflBT»?K (A) - (C) 
T^5, (A) (C^^tlTU^ct-Sf^ rcD^ 

SS0»J(O^-y>^ — XllME-HBTtCfeliTtt, *7 
05 -fey b&ta<-?2>Jj&iiVTs t-"//^XSME- 
HBTS2^fflK ^n^^-^>^XMME-H 

bt©$ix> v ^m±^nwtm 1 0 £s lt«3Sv es 

tC&j^U fg 1 <ft;*-y>^-X^ME-HBT(Dfil2 
x^7^E 2 [:lHl^A*l, fg20Q:t-y>^- 
10 Xl<DME-HBT^2X5y^HPS»U JXjj<KZi 

XSME-HBTC^-XBSfe^ CfcHWK: 

[0056] d©*iii0«r45^Ttt, %mmi%%mn 

15 ^(rA^$tl^:^^^^«M^(^^--^ , >^:--X^M 
E-HBT^3l/^^lffiWt, Sl^C«Lti& 

Il^-y>^-XSME-HBT(^ajAOUT 
, £^2<£:t— ^>^~ X^ME-HBTCDffi^OUT 

[0 0 5 7] ^l(?)t-^>^-XSME-HBTOi 

^-7lME-HBT©u%±A^fff0. 4VJc 

25 -X— XS!ME-HBT(Ofll8it0^tt&<, ffi^tt^ttO 
0t»5. £7c, U^-^>^XiME-HBT 

co ^ - x B t^ffi-Jf ^ A -tjtsnxh, WrJj(D^-y 0 >^ 

m m \z m a & < * \t o a * a o & ^ . 

30 [0 0 5 8] CtlKJKbT, *«*fc«»«*©3R**« 

(D&tfjzg^fztb, Sl^-y>^-XSME-HB 
Tc^tB^OUTj 2 y>^— XIME-HB 

TouAouTjOiEicisii;, m^s^ouT, 
r i j ££C£o 

[0059] maoR^tt, i2^-y>^-xa© 

ME-HBTCDi2X^ y j? &fflWct2> t>Ot Lfc^, 
^ 2 © >^-XMM E - H B T lXvy^i: 

40 ^2X$ y^Sl»lt*< iifetSS (08 (B) 
#»S) 0 $6^, ^2^-y>^-XiME-HBT 
^t-^>^-XM0y>^X5 y^AfPg^/H 
#-^h^>;xX^ (SE-HBT) 
i?:2> ms (C) #JH) . 

45 [0 0 6 0] 09 tt, »3*««0*7iry 

fc*-y>^-XS!ME-HBT3t*W*:««©*|fi8IB 
BJlt^^o d(D0K*5^T, 2 1IJInPi«, 2 2 
ttn* - I nGaAsH, 2 2 , tt n + - I n G a A s 
al/^^^/^ni, 2 2 3 ten* — I n G a A s n 

50 VZZziyZZym. 2 3 ten— I nGaAsi, 23 
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,«n-InGaAs3Hm 2 3 3 «n-InG 
aAsai/^l, 2 4ttp- I nGaAsl, 24, 
tip-I nGaAs ^-Xi, 2 4,IJp-InGaA 
s^-Xi, 25lln-InPl, 25,ttSlOn- 
InPXvy^l, 2 5,liS2©n-InP(DX$^ 
^S, 2-5,ttn«InPX5y^i, 2 6ttn-Tn 
GaAsi, 2 6 , l<Dn — I nGaAsX^yJ 
^>^^M, 2 6 2 HS20n-InGaAsXv> 
^3>^^M, 2 6 3 (in-InGaAsX^7^^ 
>^^M, 2 7 l B»l©X5y^«g, 2 7 2 tefg 
2©X5yir«BL 2 7,ttXSy?tI, 2 8,tt3 
U-£*«ffi, 2 8 3 li3^^tST^. 
[0 0 6 1 ] JKBBtt, ^3HS£^JCD^-7 P >^-X^ 
cDME-HBTKfe^T, m2(D^—^>^—xmcOM 
E-HBT^t-^-Xi©y>»xa y9^*r 

[0 0 6 2] CO^JE^tJcO^— y>^— XiME-HB 
Tfcfcivctt, I n P3SJK 2 1 ©±(:n + — In 

GaAsl22$ScfiL, fcoiCn - I nGaAsi 
2 3MSL, ^±Cp-InGaAsl24MS 
U f(7)±f:n-InPl2 5MSl> -£-<0_bfc:n- 
InGaAsl26MSt, n - I n G a A s Jf 2 
6, n-InP!25, p - I n G a A s JI 2 4 , n- 
InGaAsl23, n 1 - I nGaAs|2 2« 
(:x 7 f>^tT»lL> ftMtEtlfc-JjlZ. n + -I 
nGaAs3l/^^3>^^M 2 2 3 , n-InGa 
As3l/^^12 3 3 , p — I nGaAs ^-Xl 2 4 
3 , n — I n PX5 y 9M 2 5 3 , n— InGaAsX 
^7^^>^^M2 6 3 , X5y^SS2 7 3 , 
9*nM2 8 3 ^6&5SE-HBT*Mt5. 

[0 0 6 3] fUT, #«£ftfc<fi;&e>n - I n G a A 
si26, n- I nP!2 5S»toyf >^LT» 
MfU I nPSS2 l(0±^n + -InGaAsnU^ 
^n>37^7 M2 2, , n-InGaAs3l/^l2 
3,, p-InGaAs^-X|24 r ilOn-I 
nPX$7^i25,, l2(Dn-InP©X^7^i 
2 5 2 , W,\(Dn— I nGaAsXv;^3>^ h Jg 
26,, |2©n-I nGaAsX^7^3>^^7 
2 6 2 , SlOXS7^tS2 7 P *20X5y^t 
i 2 7 2 , 3U£^»K2 8, X 
$ME-HBT«no 

[0 0 6 4] :©$IWt-y>^-XSME-HB 

t \mj&m\z usfliw: «c * a*, »ff awjw* * ^ t 

E-HBTi0intl^o 

[0 0 6 5] (^4^jS0tj) 9c^mMLrcme\z^ 

T> 0y*fcTV EE £O. 7ViU M§/t7-^4 2 0 



[0 0 6 6] (|g5^S£W 0 1 Ott, m5^SS0iJ(D^ 

05 m#g«S«<0R9!HT*S. £<0*1»^I<0*S{B#§ 
ggtCfc^Tit S'«Sub<0±^M3fiLfc*iga)ri 
U^I3>^47hJB, Hy^^hl, ^-XI, X^ y 

^2 x^ 

10 -XiME-HBT^Kl, ^^--7 P >^"XSiC0 
ME-HBTc7)m 1X^ u/^SrSSSU 
X^COM E - H B T 2 X ^ y ^ \Z \${7 U y 9 

15 [0 0 6 7] i^MfgfigttiSt, 

Sft*Mt-^>^-XiM E - H BTCDW, 2 X 

20 c^^-e#^o 

[0 0 6 8] ^07^/^X4S2X^7^ 

fc»tt"r*BB»**a^u, st-^M-xiME- 

HBT0I2X5 y*<DMfcilffi0&£RW\ 1 O0A° 

[0 0 6 9] (B6HJE«?»j) hi ltt, memmM<D7t 

-y>^-XlME-HBT3t¥iMi^ffl^^i 

«g»fc:e^Ttt* a«Sub<o±^mifiLfc«ifia)3 

1/^7^3>^^M, n>??hm, ^"Xl, X>7 

»2x^y^iissnasot-^>^ 

35 -XIME-HBT^MI, ^-y/^-XSME 
-HBTOSlXv^^iU S-^-7 P >^-X^ 
ME-HBTGD|g2X^ y 9 U y 9 /VVK&tim 

40 [0 0 7 0] £<B*S«#3I«S«K:J;*£* *5SeSB 
^ nM"^>^"XSM E - H B T(D^X 

tCA^^tl^>5t«^5, &t-^M-XiME-H 
BT«Ft©?< S >tf*ft-?Z>i?Uy{7/VUX\Z£?T 

45 m%mn\z^x*mfou-^*mm-?z>t.&mytmn 
[0071] m 7 *B(wt«#oe3i*«^ 

50 ffl«T**fc», *3t(B©H«ttl 0 0 Mm 2 
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±Z< -T -5i^g^'a5 «3 . ^ 1 X 5 v 9 tfgx 3 y 9 ©FbI 
©S§«i£;*:i* < -T* £S§ l xs y * ilii <j9om<r> 

[0 0 7 2] ii2[i i7 mmM(D^—^>^-xm 

dist^T. 3 l (ills. 3 2tt3U**ri>*£- hJi. 
3 3tt3|/^^i, 3 4«^-XB, 35,~3 5 7 IJ 
3 6,-3 6,1*1*7^11. 3 7B31/ 

[0 0 7 3] C(D*iS0iJ(C*5t,iT«, »£3 1 ©±IC. 

&j!cd:3 1^^3>^ M3 2 fc#a©3U**JB3 

3 t^m<D^-7.m3 4*«meu ^(D±\zwmts.x.s. 

y^35,~37, tZ5 y^flE, ~E 7 £fl£j5£L 
TI/»*. ^LT. aM&I5 7?3 5,-3 7,C|»S 

U57^tS2l57^tLTfflK t»I5 7^ 
3 5,-3 7 , A5i^§nT^5^l:3t7 7-f A'^f, 

[0074] ^(D^ptcr^t. gyemm&w^tztfz 

fe<D7$— -fy<— XMME -HBTCI5 y ^WSFbI© 

^ma&mmzm-rzM e -hbt sfl^-r-s ^ t^-e 

[0 0 7 5] («8£%0i|) 0 1 311 m8mMM<n-* 

e — h b Tft^mitmwcDmftmwm 
TafeO, (A) - (C) ttMl^bt^s. c:©!3 

(C*5^T. C « 3 U B«^-7.M^, E, « 

«2IS y*fg*©«ffc. V t! ai3I5 7^f«ffl 
e f4«^ . h ttIE?L h v teftfi-Jf. Icttnl/ 

[0 0 7 6] CCDHfiSWl Mi£W*iS0iJC*3^TittH^ 

B T(C, ^-X&^B©ffilf #fC#f8£n-2>iI*J©IE 

E 3 «iSSH-^"$nT*3 0. glI5 7^«E,tl 

3i5 7^a«E,M-xss. 3Uir?mmT*ffim 

$*l-2>:t-:/>^-XllM E - H B TCQgjffs temFfB©* 
[0 0 7 7] mi ©«<« (0 1 3 (A) #Hg) 



iS'^SWCtfiVoB. igllS'^MOtlttV 

05 So ^©fcffiTtt. ^-Xffi^BtcW^e, jE?lh;0*<fe 

[0 0 7 8] S2®t)il (HI 3 (B) #&) 
IlI5 7?SSiE,&«iU aS3X5y*ffl«E, 

10 X^M/Oh'^LTU5. uOttf2lS 
y^tSKWlffiVntt. IlXS7^«aotfiV El i: 
gS 3 XS y *««©«ffiV ra ©+Hfc#fc*lTV».S. £ 

15 X^BCttl^^ttK&oTl^Sfcfe'*— 

tc#»£*l, if e«e^©Jj?7->->^;P©£jffi^b 
fc*bT3l/^:S'I«l:ML 1 IliS7^1«E, 

20 [0 0 7 9] I3©ttl (121 3 (C) #Jft) 

»lISy^««E,*ttiU I3I5 7^IS(E, 

2IS7^®I©tev E! H *lI5«^i*C«tt 

25 v El i^3is y^mm.(Dm^Lv E3 (D^m\zurzn-z^ 

[0080] z.<Dwmx'\t, yemnh v omtt&mwiz 

^m^e 2 ©eittwift^-xi^Bffliiff 
30 4«©E?L©x^;i/^— &u 12157^^ 

HSE 2 ©e^+©«^^-X«g^B©««^»CA* 
> KW h >^;HT^-XffiiB©ffilffl:fflT 
t^fcii!£J©IE?l£^fn-?- ^— X««B©5j?^> 

->^*U:#U JBll5y^I«E,)i»6ttASn5 

35 tfe©3 ist?# mmc ^o&m&mf, ?i\/??mffi. 

I c SrifilSff -So 

[0 0 8 1] i©^aS«C*V»Ttt, S2I5 7^I« 
E 2 ©e*#+ ©^ai^-XfcWBroffiVFSfKWB 
LTt^£iISy©IE?L£*fcl-r£fca6. 3 I c 

40 ©i«»f»tt**ijfe*sn. iisii©js^rdiprtifcf«cs. 

[0 0 8 2] (19 ^mm) H14B. *S£0J©;f 
-^>^-XlME-HBT3t¥IftgISffl»fc^> 

U >^(Cfflt,^di:^tr^-5^--7 p >^-7.^ME-H 
45 BTft#ig#ge KBIT* &©-?&£>. 

[0 0 8 3] ^--7 p >^-XlJME-HBT5r. J^i£#&: 
**n f 0 Hz (tzfzVn -.mm Td©0(C^$tl-S 

z>mm.wmnz, ^ojIl^&s (f 0 -Af) h z 

50 (t£l/Af<f 0 ©W©xT7t7M ©■y->7 p u> 
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[0 0 8 4] commit, *-7>s<-x 

t> 2 OK±OX 5 y i' JWt 5/H #-7 H 7 >y X 
U l^<DX5-y^£8flSU SiffiSn&^XSy^;: 

SA2>U ^— x*fc«nl/^^tc3t«^tbT*«-/h 
£Wt;UXi|I£fcOA;i>X{i-5f£A*>L<T. 3|/W(D 
ftJjm^Zm&gtn A fHzt^>7"U 

[0 0 8 5] Ctl<t«2»fC, ^-XiifcttnU? 

^fw«ffi^tL/T«a»n f„ Hz©ttt>7"U >^<f 

/hSlr»/t;U^««t>-3|t0£bM%R (f 0 -Af) H 
z ©AMUX{f^£AXjLT, n V 9 5> <n\&-hm^nwL 
SnAf H zW^U >^t" Sett) T ;*•£>. 
[0 0 8 6] (ilOMW @15li. ^10»l 

©a— 7>^-xhjm e - h b Tft^mitmmomtftm. 

Ej5Ii5;H f-7>yX^ME-HBT57 

-T'^-XiM E - H B TO^W t >$aALT 

— Zf > ^ - X M M E - H B T Com.W \Z jffiftg 2r W*l& L T 

[0 0 8 7] -€-LT, &t-7°> / <-XlME-HBT 

U SSlXSy^SS&JftU Sg2x5 >;/:^'^::jgiRl$fc/1 
;^xt*c<7^®^B,{f'^§£A?JL•. ^Iz-OSM^^-X 

[0 0 8 8] Z\<D^M&l<D#— X°>^— XMME-HB 

* nfcWJtO/t-f 5 h 5 > vX ^ C L 

T, *C/HjP-5 h^>^X^©^mft&t^£riU' 

m<DR OMi LTfiJfflf-S Ci*«T^-5. 
[0 0 8 9] WI3©fi-*SSCJlC*5^T«. I nG 

aAs/I n P$-^-XtcLTl$SajLfcAt, *fg^*G 
aAs/A 1 GaAs, S i/S i GeftOHBT^ 
-f #- 5 h 7 >->*X * (CjSfflT * & C i 5 £T t>& 

[0 0 9 0] 



^-XSME-HBT*ffllrifc3t^i»(*:SKfCJ:oT, 
05 Mv'X^AK&^T. Kj&tt&»©ft«^©S«A*l»riii 

tw^o, ?tm^&nm.m^\zm&?ziimzmmh. s 
xfrraw^itT^iHbTtB^^^^ncaiota-rctAi 

10 *. £fc, #IB9i0)3te¥*#g«tt. S^O«^WX-f 
7f>^gl- tii|lh7>^X^iLT ; foffl^-5.C<h^ 
Sfc. 0«jfil8K«koT«ja-rS^t*«Tf 

15 [HffiofBm^aftw] 

[0 1 ] *mw£>&mmnn%mmm<Dmwmwmx-$> 

[02] ^-^>^-XSME-HBT^iftgi® 

20 [03] t-^M-XlME-HBT^ftSlffl 
(1) T*0. (A) ~ (C) 

[04] ;t-:/>^-XIME-HBT7£¥iiS<ffcSB<75 
UftfftglH (2) Tf*0. (D) ~ (F) 

25 

[05] JBl^JfiOT©*- 7">^-XiME-HBT)t 

¥m&mm<Dmft¥f&wiwmx'$>r). (a) «ejs§0, 

(B) IUffl*»)B»WBT*4. 

[06] t-7">^-XlM E - H B T^^ifrgiO 
30 3U***«©A»3fc/*7HSSM4K9iia (1) T*$> 
-5. 

[07] ■yy^-xmuE-HBT^m^mo 
^uzpmmvAfttXrtv-tiift&mwm (2) t& 
-5. 

35 [08] &3$znm<n*y±'y h^<SMLfc^— 

-XMME-HB T3t¥*#«IB«>«WHT* D . 

(A) ~ (C) »4Sffi«**LT^S. 

[09] ®3iI«©t7t-> h£{£MLfc:t- 7 P >^ 
-XlME-HBT*fiMi©MraaT*fe5. 
40 [@10] IS^fiPlCt-y^-XMME-HBT 
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